The enrichment of tRNA at specific sites with carbon-13 has been accomplished in^ vivo using a mutant of Escherichia coli. A relaxed strain of E_. Assignment of signals has been made for the methyl groups of ribothymidine and N -methylguanosine in E. coli tRNA.
INTRODUCTION
Nuclear magnetic resonance spect.roscopy is one of the few tools available for structural and functional studies of biopolymers in solution. tRNA being the smallest nucleic acid has been studied extensively with proton magnetic resonance spectroscopy (1) (2) (3) (4) (5) (6) (7) . In addition the NMR spectroscopy of naturally occurring carbon-13 in tRNA has been done (8, 9) . Since carbon-13 NMR spectra for complex molecules tend to be in general, more resolved and easier to interpret than the proton spectra (10), it could provide valuable information.
However, the major drawback in doing carbon-13 NMR of tRNA has been that some of the most interesting spectral lines are the weakest. These weak lines are of interest because they are due to the minor bases which always occupy specific sites in the tRNA nucleotide sequence (11) and because they are res-
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onance signals occurring in spectral regions free from ribose and major base interference (9) . The weak intensity of the lines is due to the unavoidable low concentration of tRNA solutions in conjunction with the low, 1.1%, natural abundance of the carbon-13 isotope.
To improve the potential of the carbon-13 NMR technique two things can be done. One is to improve the sensitivity of the instrumentation (9) and the other is to enrich the tRNA in carbon-13 at specific sites. The work presented here established a technique for the carbon-13 enrichment of minor nucleotides within tRNA. Nuclear) with a specific activity of 58m Ci/mmole or 51mg methionine-methyl-
MATERIALS AND METHODS

Growth
[ c] (Merck of Canada) specified to have 90 atom % methyl carbon-13. This latter specification was confirmed by mass spectroscopy and carbon-13 NMR spectroscopy (Fig. 1) . The innoculum consisted of E_. coli cells which had been grown in nutrient broth and had been tested for methionine and cysteine auxotrophy prior to innoculation of the defined medium. Cultures were grown at 37° in a shaking water bath.
tRNA Extraction. At the end of the log-phase of growth the cells were collected by centrifugation and their nucleic acids extracted (13) . tRNA was then isolated by DEAE-cellulose column chromatography and concentrated by alcohol precipitation (13) . The resulting precipitates were collected by centrifugation, dissolved in glass distilled H O and dialyzed against glass distilled H O extensively. 
Identification of In_ Vivo
RESULTS
Cultures of E. coli C6 rel met cys were grown in the completely defined medium that was described in the Materials and Methods section. Bases (adenine, guanine, uracil and xanthine) were added to the medium to insure that methyl groups from the labeled methionine compounds were not utilized through the "one-carbon" pool for the biosynthesis ^n_ vivo of the major nu- 
Nucleic Acids Research
Quantification of the radioactivity in these nucleotides indicated that they occurred in each molecule of tRNA in the following approximate amounts: 1.0 riboTp, 0.5 m Gp and 0.1 m Ap (Table I ) . spectrum of this dilute solution could be assigned to carbons of the ribose moiety (64.8 ppm, 71.6 ppm and peak number 1 at 73.7 ppm). In contrast to these natural abundance spectra, the spectrum of a dilute solution (0.2mM) of
[ c]-enriched tRNA (Fig. 3C ) contained substantially enhanced high field signals (12.0, 29.1, 36.6 ppm; peak numbered 5, 4 and 3, respectively) that could be assigned, according to Komoroski and Allerhand (8, 9) , to methyl carbons of the minor nucleotides in tRNA. The assignments of these signals are described in the Discussion section. (Table I ) .
The plimentary to GTfC exists in the nucleotide sequence of 5S rRNA (19) and may be important to the binding of tRNA to ribosomes (20) . Some of these NMR studies are now underway in our laboratories.
